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Semiconductor nanoparticles have been studied extensively because of their potential application in electronic devices and
the opportunity they offer to study the effects of quantum confinement. A unique subset of semiconductor nanoparticles is doped
semiconductor nanoparticles. Hines et al.1 were the first to report the synthesis of highly luminescent mono-disperse undoped
ZnSe nanoparticles. Shortly afterward Suyver et al.2 and Norris et al.3 synthesized Mn2+ doped ZnSe nanoparticles. Their results
suggest that the Mn2* ion incorporates primarily into the center of the nanoparticle and that the luminescence of the material is

dependent upon the Mn2* concentration in the particle. The presence of Mn2+ defect sites and their effect on the luminescence

was not fully addressed.

In our experiment# four ZnSe nanoparticles samples, one with low Mn2* concentration (A), one with an intermediate Mn2*
concentration (B), one with a high Mn2* concentration (C), and one with no Mn2*, were synthesized. The sample with no Mn2* had
a sharp ZnSe bandedge emission peak and a quantum yield of ~2%. The samples with Mn2* had a significant decrease in

bandedge emission. Sample A had no Mn2+ 4T, 6A; emission, but showed some ZnSe bandedge emission and trap state
emission. Sample B had Mn2+ 4T;-> 6A; emission and a further reduction in ZnSe bandedge emission and trap state emission.
Sample C showed an increase in the Mn2* 4T;-> 6A, emission, a dramatic increase in trap state emission, and essentially no ZnSe
bandedge emission. In order to better understand these observations XAFS data were taken. The XAFS indicated that there was
a reduction in the Zn and Mn first neighbor Se coordination from the bulk value but a lack of a reduction in the Se first neighbor
coordination. This suggests that the core of the nanoparticles resembles that of bulk ZnSe, and the surface of the particle has a
higher concentration of metal atoms. We propose that the surface Mn2* possessed an octahedral geometry, and the overall low
emission quantum yield is primarily due to the presence of Mn2* on the particle surface.
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The EXAFS of ZnSe:Mn
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A comparison of the fitted XAFS parameters
for samples A, B, and C do not reveal any stiong
i trends that could be the effect of an increased Mn2+
‘concentration; however, there are some subile
] differences in the Mn K-edge data. The Zn-Se
= distance is the same as buk, as are the Zn-zn and
Se-Se distances. However, theh-Se distance is
. shorter than that of bulk Mn?* doped znSe as is the
=T in-Zn distance. The necessity to fitthe second shell
data with two N-N shells suggests that there are two.
types of second neighbors in nanoparticles, with one
type () being more disordered than the other. In the
Zn and Se K-edge data the amount of disorder in
these shells does not change with increasing Mn2*
. ‘concentration, but in the Mn K-edge data sample C,
the high Mn2 concentration sample, has the lowest
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A hermicals were acquied fom At Agsaror Akich and were used withoutfurthe purcaton. The syhetic method used was

Cumberland® Ph).c]:Mn2+, molecular clusters were prepared following the procedure of Dance®.
6.3462 g of (Me.Nyz[Zn‘[SPm,DJ 06734 g of Se powder and manganese in 50 mL of N.N-
dimethyformamide (DMF). Three different (MEAN)A[ZH 5o, (SPR ) e mlea chters were prepared, sach wih & Gifercnt amount of
manganese acetate. Sample A, B, and C had 00228 g (-0.6%), 0.2857 g (~6%%) and 2.1675 g (~37%) of manganese acetate, respeciively. The
oo o e o 68 fr Sovral miutes. The s Her o fomone any unreacted Se. Approximately 0.6 g of the
(Mo N\ZnusSe.(SP) [ M’ cluster were added 0 0 mi-of hot HDA, whichha been peviusly ke under vauum at 120 oC o 0 s

d slowy to 280 °C.

Cpectascopy, anl ine temperatre was ocated betvnen 200 oC vl 280 oG 10 mmm\ the rate ofparticle growth. When the desired partcie size
was achieved, 80 °C overnigt

To extactth partiie fom soluion,the reacion Solton ias o0 1 80 5 and the poure o 100 L of methanol,immediaely orming a
precipi powder was dissolved in toluene. Adtionally,
the and . The nanoparticle powder was then washed with warm dry methanol, dissolved

in heptane, and fitered. Al of the nanopartiles were grown to the same size as determined by UV-VIS. Undoped Zn'Se nanoparticies were also
prepared by following the method of Cumberiand®.
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«Direct Band Gap Semiconductor
*Band Gap (Bulk)=2.58 eV (~481nm)
*Exciton Radius = 7.1 nm

TENg Wicrograph of synthesized particles

Mn2+ profoundly

. effects
Emission of ZnSe
: &N’mu‘rticles
1 '.
Mnz2+ Emission i

quencher ‘\ 2

the exciton peak that
For partcles of th

forthe Mné* doped s 35 nm.
auarsrof e soms il be on the Sorace of e ranoparice

distinct emission bands centered at 415 nm, 441 nm and 580 nm,
vespecwe\y These bands can be assigned to ZnSe handedge trap state, and Mn2* 4T, -> €A, emission. After aging for several days in the
in M2+ 4T, > A, emission. The

water or other
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he undoped ZnSe sample, which had a quantum yield of 2% elaive to peyine Sl Aned 1o M. T, > én, emiscion, buta
emission and trap B had Mn+ €T, - %A, emission and a reducton of ZnSe bandedge

a rap state emission. C showed an increase in Mn* emission intensity compared o & and an increase in rap state emission. The rap

state emission had a maximum intensity comparable to that of the Mn2* emission. When the 580 nim eission intensity per Mn2* ion was.

plotted versus the mmol of Mn2+ ion used in the reaction it becomes apparent that in actuality the Mn2* emission is quenched as the Mn2+

level is increase between B and C. Suyver et al.35 observed a similar trend in emission from their Mn2 doped ZnSe samples.

References

(7) Nortis, D. 3 Nan, Y.; Chamock, F. T.; Kennedy, T. A Nano Lett. 2001, 1, 3-7
(8) Suyver, J. F.; Wuister, S. F.; Kelly, 3. J.; Meierink, A. Phys. Chem. Chem. Phys. 2000, 2, 5445

2nd Model for ZnSe:Mn Nanoparticle

Bulk-like ZnSe Core

Amorphous Surface
Composed of Metal lons

éSu rface contaminants

Interior Mn2+ T 4

N "\Surface Mnz2+ O,

level of disorder for these shells. The y

the zn and M K-edge data with a Metal-O shell, and

the lack of such a shell in the Se K-edge data suggest

that the surface of the particle in composed primarily

of Zn and Mn atoms. Further more the deciine in Mn-

Se coordination number with increasing Mn2* and the

Mn-Se coordination being smaller than the Mn-O

B coordination suggests that most of the Mn* ions lie
close to the surface of the nanopartcle. The large
Mn-O coordination number also suggests that there

. could be Mn2* atoms on the surface with octahedral

geomety.

“The Mn K-edge XAFS suggests that a significant number of the Mn2* ions in the nanoparticies.
‘occupy the Zn2*site in the lattce, since the first and second neighbor coordination shell can be fitto a
model of Mn2* in the Zn> latice site. However, the Mn2* ions lack  fullfirst shell coordination of Se,
which s an indication of the presence of Mn2* on the surface of the nanoparticles. The Mn-Se shell
coordination number is smallr than the Zn-Se shell coordination number, indicating a significant portion
of the Mn2* ions occupy a An Mn-Ofirst
‘added to beter fitthe data; however, since O and N are similar in atomic number, this shell could be a
metal-N shell resuting from the coordination of HDA to the nanopartcle surface. The sum of the Mn-Se
Mn-O coordination number gives a siightly larger first neighbor coordination number than expected for

M+ ina that has a difterent geometry
than that of the interior. physically lecule bonds atom of the
nanopartcle, the addiional belong as OH-or 0%
M- in M and the Mn-0 from the fitting is

consistent with that of M-O. Thus the surface Mn most ikely posses octahedral geometry, due o the
‘additional O coordination, while the interior Mn i of tetrahedral geometry.
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Pypetncoplng consart s ST 0.4 ek which & condint ot eported values for Mn- o
nanoparticles and bulk material36. However, superimposed upon this pattemn is anather six-ine spliting pattern with a

Pypetine coupling constant of 63,30 104 o1, whie, i M dope 21, has b atiute 0 i+ o iersttlor

The ESR Spectra of ZnSe:Mn
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Conclusion

ESR Spectrum of ZnSe:Mn s[4
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nihis sampe ore pronuneed sample B, which suggests
songer exchange inferactons are occuring. Sample A had no ESR signalThe ESR signal from the nanoparticies has.
three distinct features: i) a six-ine hyperfine spliting pattern due to Kinsubstituting for a Zn2* ion in the lattice, i)
exchange interaction, and i) a six-iine splitting pattern due to Mroccupation of a site other than the Zn2* latice site
“This spliting pattern has been observed in other Mn2* doped IVI nanoparticies, and this second Mn2" site has been
attrbuted to Mn surface or interstital site of octahedral symmetrys.i:.
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